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A database search for genes encoding paramyxoviral proteins revealed sequences that were designated as human but presented strong
evidence of being of viral origin. The two cDNA-derived sequences designated AngRem104 and AngRem52 were originally described as
human gene products that were upregulated by angiotensin II in primary mesangial kidney cells. However, their high degree of sequence
relatedness to known viral proteins suggests that they represent the P/C/V, M, and F genes of a putative new member of family
Paramyxoviridae. Comparison of deduced amino acid sequences and nucleotide motifs suggests that this putative virus is a divergent relative
of the Hendra and Nipah viruses; hence, we suggest henipa-like virus or HNLV as a provisional name. Compared to Nipah virus, the
percentage of identical (similar) amino acids varied from 19% (42%) for the C protein to 51% (75%) for the M protein. The presence and
conservation of presumptive viral transcription start and stop signals and an apparent P editing motif also indicate a relationship of this
putative virus to the henipaviruses. Given the highly pathogenic nature of the henipaviruses, the origin of these sequences is enigmatic, and
attempts to identify and isolate HNLV are warranted.
D 2004 Elsevier Inc. All rights reserved.
Keywords: Henipa-like virus; Nipah virus; Hendra virus; Emerging virus; Paramyxovirus; Viral phylogeny; In silicoIntroduction
Several new members of the Paramyxoviridae family
were described during the past decade, among them human
metapneumovirus (van den Hoogen et al., 2001), Tupaia
paramyxovirus (Tidona et al., 1999), and the Hendra and
Nipah viruses (HeV and NiV, respectively) that are the only
known members of the new Henipavirus genus (1999a;
Chua et al., 1999; Murray et al., 1995; Paton et al., 1999).
These two henipaviruses share fruit bats (Pteropus genus) as
their common natural hosts (1999b; Halpin et al., 2000) but
can infect humans with a mortality rate as high as 40%.
Infection of humans was initially thought to require an
intermediate host such as horses in the case of HeV and pigs0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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suggest that infection of humans through direct contact with
bat excrement may well be possible (Butler, 2004; Enserink,
2004). Both viruses can cause respiratory as well as
neurological disease, and in recent NiV outbreaks in
Bangladesh, neurological deficits were the dominant clinical
sign (Butler, 2004).
Discovery of new viruses generally is a directed process
driven by the desire to identify the causative agent of a
particular disease entity. Once tissue culture techniques
became available in the 1950s, isolation of the virus from
blood, secretions, or tissue of individuals experiencing
disease became the standard method to identify viral causes
of disease. Only recently have hybridization techniques and
subtractive PCR methodologies become tools employed to
look for viruses that are novel or refractory to isolation
(Muerhoff et al., 1997; Wang et al., 2003), although
isolation of the infectious agent is still the gold standard
and prerequisite in defining novel viruses. For example, the04) 178–185
H. Schomacker et al. / Virology 330 (2004) 178–185 179use of subtractive PCR methodologies aided in the discov-
ery of the hepatitis G virus/GB virus C (Simons et al.,
1995). When comparing two experimental samples, for
example, an infected versus an uninfected tissue culture,
subtractive PCR methodologies can be used to eliminate
cDNAs present in both experimental samples in order to
allow the identification of unknown or rare sequences
expressed only in one sample. The present report is a
reevaluation of the results of an experiment in which two
primary human mesangial cell cultures, one treated with
angiotensin II and the other mock-treated, were compared
with regard to uniquely expressed genes using a subtractive
PCR method (Liang et al., 2003b). Our analysis of the
published sequence data suggests that angiotensin treatment
was not the only feature that differentiated the two tissue
cultures.Results and discussion
A search of sequence databases for proteins resembling
paramyxoviral fusion (F), matrix (M), and phosphoproteins
(P) proteins identified matches involving two sequences that
originated from an experiment using subtractive PCR
methodology (suppressive subtraction hybridization) to
identify genes that are upregulated by angiotensin II in
human mesangial cells (Liang et al., 2003a). One of these
sequences, designated AngRem104 (AF367870), is 1690 nt
in length and was reported to represent a novel gene (Liang
et al., 2003a, 2003b, 2003c). The other sequence
AngRem52 was determined from two overlapping cDNAsFig. 1. Alignment of the sequence features of the AngRem104 and AngRem52 Gen
region of the Nipah virus genome that contains the P/C/V, M, and F genes. Seq
numbers and their length in nt. The AngRem52 sequence was derived from two ove
codons indicated and are not drawn strictly to scale. Reading frames are not specifi
two and three ORFs, respectively, likely due to errors in the sequence (see text).
HNLV, are indicated by a horizontal line, and the gene-end (GE), intergenic (IG), an
set. The sequences of the putative GE, IG, and GS sequences of HNLVare compare
HNLV sequence underlined.(AY040225 and AY032980) and is 3170 nt in length. These
sequences were annotated as of human origin. Neither
sequence grouped with any human UniGene cluster other
than itself, and we were unable to find any related sequence
within the human genome. However, the sequences revealed
striking similarity with the P/C/V, M, and F genes of
members of family Paramyxoviridae, and in particular with
the henipaviruses (Fig. 1, Table 1). This suggested that the
two sequences represent two segments of the genome of a
novel henipa-like virus that we have tentatively designated
HNLV.
The deduced amino acid (aa) sequence of the
AngRem104 sequence exhibited relatedness to a number
of paramyxoviral P phosphoproteins. This was determined
by comparison of the deduced amino acid sequence of
AngRem104 against a nucleotide sequence database dynam-
ically translated in all six reading frames using Basic Local
Alignment Search Tool (tBLASTn) (Altschul et al., 1990).
However, the putative HNLV P sequence in AngRem104
was divided into two ORFs contained in two reading frames
(Fig. 1). The first ORF initiated at nt 90 and ended at nt
1133, and the second ORF extended from nt 1151 to 1582.
The first ORF encodes a protein of 347 aa that exhibited
similarity to the N-terminal portion of the henipavirus P
proteins (Table 1). Specifically, the amino terminal 101 aa of
the deduced P protein sequence exhibited 33% identity and
58% similarity to HeV P, and 26% identity and 54%
similarity to NiV P protein (Table 1). Regarding the second
P-related ORF, the downstream 143 amino acids matched
most closely the C-terminal end of Dolphin morbillivirus
(29% identity, 51% similarity, not shown). The deducedBank sequences, representing a putative henipa-like virus (HNLV), with the
uences from individual cDNAs are labeled with their GenBank accession
rlapping cDNAs. ORFs are represented as shaded boxes with their length in
cally indicated. The HNLV P and F sequences were found to be divided into
Nontranslated regions in the Nipah virus genome, or in that predicted for
d gene-start (GS) transcription signals are indicated by an open box for each
d to those of Nipah (NiV) and Hendra (HeV) viruses, with differences in the
Table 1
Comparison of the deduced amino acid sequences of putative HNLV proteins with their proposed counterparts in HeV and NiV
Viruses compared Amino acid identity (similarity) for indicated proteina
P aa1-101b Vc Cd Md Fd
HeV NiV 79 (84) 79 (86) 83 (90) 90 (97) 86 (94)
HNLV HeV 33 (58) 49 (79) 19 (43) 52 (74) 35 (57)
HNLV NiV 26 (54) 49 (75) 19 (42) 51 (75) 36 (57)
a Amino identity and similarity was analyzed using ClustalW pairwise alignment.
b For the P protein, the first 101 aa of the alignment was used for comparison because the HeVand NiV P proteins are much longer than the putative HNLV P
protein; amino terminal and carboxy terminal portions of the P protein show moderate homology while the central portion does not align at all.
c For the V protein, the sequence following the editing site was used for comparison.
d Alignments of the C, M, and F proteins involved the full sequences.
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smaller than the P proteins of henipaviruses (707 and 709
amino acids) or morbilliviruses (approximately 507 amino
acids). However, if one assumes a possible error in the
published sequence and inserts a single nucleotide just prior
to the stop codon of the first AngRem104 ORF, then the two
ORFs are placed in frame and encode a breconstructedQ
HNLV P protein of 497 amino acids, similar in size to a
morbillivirus P protein. An error in the sequence could have
been introduced during reverse transcription, PCR, cloning,
or sequencing, and the possibility that errors are present in
the sequences was strongly suggested by the presence of
multiple differences between the overlapping region of the
two cDNAs representing AngRem52 (below). The recon-
structed HNLV P protein exhibited relatedness to other
paramyxoviral P proteins for its N- and C-terminal regions,
as noted above, while the central region did not exhibit
significant relatedness (not shown). This is typical for
paramyxoviral P proteins. In addition, it should be noted
that the P protein sequence is one of the least conserved
sequences among paramyxovirus proteins and that differ-
ences in size are quite common.
In respiro-, morbilli-, and henipaviruses, the P/C/V gene
contains an additional ORF that encodes the small accessory
C protein. The amino acid sequence of the C protein is not
well conserved in the Paramyxoviridae family but always
contains a large number of basic amino acids, and the C
ORF is always contained in a separate reading frame
alongside the upstream half of the P ORF (Lamb and
Kolakofsky, 2001). The AngRem104 sequence contained a
C-like ORF (Fig. 2) that initiates 20 nt downstream of the P/
V start codon (whereas that of NiV initiates 23 nt down-
stream of the P/V start codon) and encodes a protein of 160
aa (compared to 166 aa for NiV) with a high content of
basic amino acids (isoelectric focus 11.1). Multiple align-
ments of multiple paramyxoviral C ORFs using the
ClustalW (Thompson et al., 1994) and PHYLIP algorithms
(Felsenstein, 1989) grouped this protein with the henipavi-
rus C proteins, but conservation of identical or similar
amino acids was only modest, that is, 19% and 42%,
respectively, with NiV (Table 1). This is not surprising since
the C protein is also one of the most poorly conserved
paramyxovirus proteins.For most respiro-, morbilli-, and henipaviruses, the P/C/V
mRNA is also subject to co-transcriptional editing, by which
the polymerase inserts one or more G residues into the
mRNA at a specific editing site midway down the gene. This
can cause a frame shift in the encoded mRNA that fuses the
upstream half of the P ORF to an additional internal ORF
that encodes a conserved cysteine motif domain. The
resulting chimeric protein is called V. The AngRem104
sequence contained an apparent editing site within the P
ORF that was very similar but not identical in sequence
(identical for 15 of 19 residues) to that of the henipaviruses
(Harcourt et al., 2000) (Fig. 2B). The position of the editing
site followed codon 233 in the putative HNLV P ORF
compared to codon 404 of the NiV P ORF. The putative
HNLV sequence contained a V-like ORF immediately
downstream of the putative editing site that encodes a
cysteine-motif domain of 59 amino acids (Figs. 1 and 2),
whereas the comparable sequence in NiV is 52 amino acids
in length (Fig. 1). The two cysteine-motif sequences of
HNLV and NiV share 49% identity and 75% similarity
(Table 1), and contain the seven perfectly conserved cysteine
residues that are characteristic for this protein (Fig. 2). In
both the HNLV and NiV sequences, shifting the P reading
frame to access the cysteine motif domain would require the
insertion of a single G.
For HeV, a fourth protein was found to be encoded by the
P/C/V mRNA and was designated as SB protein because—
similar to the C protein—it is small and contains multiple
basic residues (Wang et al., 2001). This protein is encoded
by an ORF that is in frame with, but downstream of, the C
ORF. In AngRem104, we also found an ORF in this
position. Although the sequence relatedness is only modest,
that is, 10% (31%) aa identity (similarity), several other
characteristics similar to the HeV SB protein are preserved:
the proposed HNLV SB protein is 55 aa in length (65 in
HeV) and contains nine (eight in HeV) arginine residues,
resulting in a predicted pI of 11.7 (11.9).
The AngRem52 sequence was determined from two
overlapping cDNA clones (Fig. 1). The 5V portion of the
AngRem52 sequence contains an ORF that starts at position
16 of AY040225 and extends to nt 1038. A tBLASTn search
using the sequence of that ORF identified NiV as the closest
match, and BLASTp confirmed NiV and HeV M proteins as
Fig. 2. Modular organization of the P/C/V gene in HNLV. (A) The P, C, V, and SB ORFs are represented by shaded boxes, listed vertically according to reading
frame. Nucleotide positions in the AngRem104 sequence and protein length in aa are indicated in parentheses. The SB ORF encodes an additional protein
found in the henipaviruses (see text). The proposed editing site is indicated by an arrow between the P and V ORFs. The HNLV V ORF downstream of the
editing site encodes 59 aa, whereas the complete V protein is 292 aa. The single nt insertion (in position 1131) that we introduced to merge the two HNLV P
ORFs (see the text) is indicated by a black triangle. (B) Sequence of the proposed HNLV editing site, compared to that of Nipah (NiV) and Hendra (HeV)
viruses. Nucleotide differences are underlined. (C) Alignment of the region of the V ORF beginning at the editing site and numbered according to amino acid
position in the full-length V protein. The cysteine residues that are conserved in all of the viruses are shaded, together with additional highly conserved
residues. SV5, simian virus 5; PIV2, parainfluenza virus type 2; RPV, rinderpest virus; HeV, Hendra virus; NiV, Nipah virus; HNLV, henipa-like virus.
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would encode a protein of 340 aa, which is very similar in
size to the M proteins of the henipaviruses (352 aa in each
case) (Fig. 1). The putative HNLV M protein has 51%
(75%) amino acid sequence identity (similarity) compared
to NiV and 52% (74%) identity (similarity) compared to
HeV (Table 1). This putative M ORF was followed by a
nontranslated sequence of 354 nt that was found to contain
sequences that resembled a henipavirus gene junction (Fig.
1). Specifically, this included a sequence that was identical
to a NiV gene-end signal at seven out of nine positions, an
intergenic-like triplet that was identical to that of NiV and
HeV, and a putative gene-start signal that was identical to
that of NiVand HeVat 6 of 10 positions. The corresponding
nontranslated sequence in NiV virus is 487 nt in length, of
which 200 form the downstream nontranslated region of the
M gene (compared to 273 nt in the AngRem52 sequence)
and 284 nt form the upstream nontranslated region of the F
gene (compared to 78 nt in the AngRem52 sequence).
Following the gene start signal, there were three
successive ORFs of 242, 55, and 256 aa, respectively, that
appeared to correspond to the HNLV F protein (Fig. 1). A
BLASTp comparison of this region of AngRem52 identified
close matches with several paramyxoviral F proteins, with
the Tupaia, canine distemper, HeV, and NiV. The three F-
related ORFs were represented in a region of AngRem52
sequence that was present in two independent cDNAs (Fig.
1), and comparison of the two cDNAs revealed a number ofdifferences in the two sequences. Compared to AY032980,
there were two nt substitutions in the 242-aa ORF of
AY040225 that resulted in K to E substitutions at positions 2
and 107 in the F protein. For the other two ORFs, the
sequence of AY040225 contained insertions totaling 9 nt, all
of them involving nt repeats, compared to AY032980.
These changes resulted in a 3-aa insertion in AY040225
compared to AY032980 and, due to a shift out of the reading
frame and then back into the same frame, a 12-aa segment
that differed in amino acid assignments between the two
cDNA sequences. The differences between these two
cDNAs suggest that a number of errors had been introduced
during the reiterative copying, cloning, and sequencing.
This likely accounts for the F-related sequence being broken
into three ORFs. Indeed, insertion of a single nt into the stop
codon of the 242-aa ORF and the deletion of a single nt in
the stop codon of the 55-aa ORF joined the three ORFs in
AY032980 into a single ORF encoding a 545-aa putative
HNLV F protein that was 36% (57%) identical (similar) to
the F protein of NiV and 35% (57%) identical (similar) to
that of HeV (Table 1).
The alignment of the putative reconstructed HNLV F
protein with the F proteins of NiVand HeV (Fig. 3) revealed
correspondence in a number of features with regard to both
spacing and sequence relatedness. The most divergent
regions of the molecule were the N- and C-termini,
consistent with these regions representing poorly conserved
signal peptides and cytoplasmic domains, respectively. The
Fig. 3. Comparison of the predicted amino acid sequence of the F proteins of HeV, NiV, and HNLV. Identical amino acids are indicated by asterisks, similar
ones by colons. The predicted signal peptide cleavage sites and the F0 cleavage sites are indicated by triangles above (HeV and NiV) and below (HNLV) the
sequences. Squares indicate potential glycosylation sites. Heptad repeat sequences are labeled with baQ and bdQ to show the position of hydrophobic amino
acids. The proposed fusion peptides and the transmembrane domains are indicated with labeled bars above and below the sequence. Perfectly conserved
cysteine residues are boxed.
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putative transmembrane domain (aa 495–517 in the HNLV
F protein). Each sequence also contained a putative
cleavage-activation site following amino acid 109 (NiV
and HeV) or 107 (HNLV). In each case, the cleavage site
followed a single basic residue, either arginine (NiV) or
lysine (HeV and HNLV). This was followed by a 25-aa
sequence with a hydrophobic character that shared 60%
identity between HNLV and both NiV and HeV, andrepresents the predicted N-terminus of the F1 subunit. In
particular, there was exact conservation of glycine residues
at positions 3, 8, and 12 relative to the F1 N-terminus, which
likely correspond to glycines at positions 3, 7, and 12 in
simian virus 5 that were shown to strongly influence fusion
function (Horvath and Lamb, 1992). In addition, putative
heptad repeat motifs (Singh et al., 1999) were identified at
aa 139–188, downstream of the F1 N-terminus, and at aa
452–487, upstream of the putative membrane anchor. There
H. Schomacker et al. / Virology 330 (2004) 178–185 183was also a high degree of conservation of cysteine residues:
one cysteine residue was exactly conserved in spacing in the
putative F2 subunit, and all nine of the cysteine residues
present between the putative cleavage site and the mem-
brane anchor in the HNLV F1 subunit were exactly
conserved in spacing with cysteine residues in NiV and
HeV. Finally, there was similarity in the spacing of potential
acceptor sites for N-linked carbohydrate (Bendtsen et al.,
2004): two closely spaced sites followed by a third were
present in the NiV/HeV F2 subunit while the HNLV F
protein has two closely spaced sites in the same region, and
the NiV/HeV sequence contains three such sites located
near the membrane anchor, while the AngRem52 sequence
contains two potential sites in the same region. Thus, the
protein encoded by the reconstructed HNLV F ORF hasFig. 4. Unrooted phylogenetic trees based on the complete M protein sequence (A)
130 aa) (B), the F1 subunit of the F protein (C), and the C-terminal portion of th
ClustalW protein alignments using the maximum likelihood substitution model of
bar represents 0.1 changes per nucleotide position. CDV, canine distemper virus; D
Mossman virus; MuV, mumps virus; NDV, Newcastle disease virus; NiV, Nipah
ruminants virus; PDV, Phocine distemper virus; RPV, rinderpest virus; SeV, Send
numbers, see Materials and methods.characteristics consistent with it being related to, but
somewhat divergent from, the F proteins of NiV and HeV.
Phylogenetic analysis using maximum likelihood meth-
ods (Tamura and Nei, 1993) confirmed that HNLV is most
closely related to the Henipavirus genus (Fig. 4). To
increase the validity of the alignment, the poorly conserved
central region of the P protein was not included in the P
alignment. Instead, the N-terminal 122 aa and the C-
terminal 130 aa were used (Fig. 4B). In case of the F
protein (Fig. 4C), only F1 was used because of its more
conserved nature. Data for the conserved region of the V
protein (C-terminal of the editing site) are shown in panel D.
Supporting the results of our BLAST searches, HNLV
consistently clustered with HeV and NiV. While data for the
M (panel A) and P (panel B) proteins suggest that HNLVand the conserved regions of the P protein (N-terminal 122 and C-terminal
e V protein starting with the editing site (D). Trees were constructed from
(Tamura and Nei 1993) after retranslation of the protein sequence. The scale
MV, Dolphin morbillivirus; HeV, Hendra virus; MeV, Measles virus; MoV,
virus; PIV1, human parainfluenza virus type 1; PPRV, Peste-des-petites-
ai virus; SV5, Simian virus 5; TuV, Tupaia paramyxovirus. For accession
H. Schomacker et al. / Virology 330 (2004) 178–185184might even belong to the same genus as HeV and NiV, data
for the F2 and V proteins suggest a somewhat more distant
relationship. The phylogenetic trees (Fig. 4, especially part
A) also indicate that Tupaia paramyxovirus (Tidona et al.,
1999) and Mossman virus (Miller et al., 2003) might belong
to a larger cluster with HeV, NiV, and HNLV. Because the
HNLV M sequence seems more reliable than the recon-
structed P and F sequences, and because the M protein of
HNLV exhibits the highest degree of similarity to HeV and
NiV, the phylogenetic tree constructed from the alignment
of the M protein (Fig. 4A) might be the most accurate
representation of HNLV phylogeny. A more definitive
classification of HNLV must await the determination of a
complete genome sequence from a biological isolate.
The sequence features of AngRem104 and AngRem52
bear such similarity to those of the paramyxoviruses and, in
particular, the henipaviruses that they seem likely to be of
viral rather than cellular origin. This would represent the
first report of a novel virus identified in silico. This
identification will require confirmation by the isolation of
a biological entity. The AngRem104 and AngRem52
sequences had been reported to be upregulated in primary
human cells in vitro in response to angiotensin II (Liang et
al., 2003a, 2003b). The original report suggested that the
protein encoded by AngRem104, which would correspond
to the N-terminal half of the predicted HNLV P protein, is a
nuclear protein and that its mRNA is widely expressed in
human tissues (Liang et al., 2003a). We have no explanation
for these observations, but note that Northern blot hybrid-
ization to cellular rRNA under stringent conditions has been
reported to be a general property of RNA viruses (McClure
and Perrault, 1985), and so the possibility of artefacts cannot
be excluded. It is possible that sequences of a henipa-like
virus have somehow been introduced into the human
genome and are expressed as an angiotensin II-regulated
mRNA, but this seems unlikely. The putative new virus may
have been a contaminant of the primary human cells used in
the original experiment, such that its RNA genome or
encoded mRNAs were copied and amplified along with
cellular mRNAs. Contamination of cell cultures with
paramyxoviruses is not uncommon, and viruses such as
simian virus 5 are difficult to detect since they readily
establish persistent infection in vitro and do not alter the
appearance of cultured cells (Crandell et al., 1978).
What is startling here is that the putative HNLV is most
closely related to a group of viruses that are highly
pathogenic. The presence of a henipa-like virus in Beijing
is enigmatic: Beijing is not within the known geographical
distribution of fruit bats or tree shrews, the hosts of
henipaviruses and Tupaia paramyxovirus, respectively. Both
species are limited to Southern China, and the Beijing zoo is
said to be the only place to find these animals. As an
additional complication, the primary human tissue used in
the studies had been obtained from a company in the United
States. Since HNLV is distinct from the known henipavi-
ruses, it is unlikely to be of laboratory origin. Based on theobserved sequence similarity of AngRem104 and
AngRem52 to henipaviruses, the search is on for a new
virus, possibly in the vicinity of Beijing.Materials and methods
Analysis of nucleotide and amino acid sequences
The Basic Logic Alignment Search Tool (BLAST)
algorithms (Altschul et al., 1990) available through the
web site of the National Center for Biotechnology Informa-
tion (NCBI) were used to search DNA and protein databases
for sequence similarity to identify homologs to our query
sequences. The algorithms are designated as follows:
BLASTp compares an amino acid query sequence against
a protein sequence database, BLASTn compares a nucleo-
tide sequence against a nucleotide sequence database, and
tBLASTn compares a protein sequence against a nucleotide
sequence database dynamically translated in all six reading
frames. BLAST searches were conducted against all known
sequences, with no species restrictions, always using the
default settings. Identified nucleotide and amino acid
sequences were aligned with ClustalW (Thompson et al.,
1994), and the percentage of identical and similar and
residues was calculated. The coiled coil sequences were
identified using the Learn-Coil-VMF program (Singh et al.,
1999), which is available at http://www.learncoil-vmf.
lcs.mit.edu/cgi-bin/vmf. Transmembrane domains were pre-
dicted using the TMHMM Server v 2.0 (Krogh et al., 2001)
available at http://www.cbs.dtu.dk/services/TMHMM/.
The maximum likelihood model used for phylogenic
analysis was the substitution model of Tamura and Nei
(1993) employed by the TreePuzzle 5.0 software package
(Schmidt et al., 2002). Protein sequences were aligned using
ClustalW (Higgins et al., 1992) and were retranslated using
DAMBE 4.2.13 (Xia and Xie, 2001).
Database accession numbers
M ORF: Canine distemper virus (CDV), M12669;
Dolphin morbillivirus (DMV), Z30087; human parain-
fluenza virus type 1 (PIV1), S38067; PIV2, M62734;
PIV3, D00130; PIV4a, D10241; PIV4b, D10242; Hendra
virus (HeV), NC_001906; Measles virus (MeV),
AB016162; mumps virus (MuV), D86171), Newcastle
disease virus (NDV), AF089819; Nipah virus (NiV),
NC_002728; Peste-des-petites-ruminants virus (PPRV),
Z47977; Phocine distemper virus (PDV), D10371; rinderp-
est virus (RPV), M34018; Sendai virus (SeV), U31956;
Simian virus 5 (SV5), M32248; Tupaia paramyxovirus
(TuV), AF079780; Mossman virus (MoV), NP_958052.1. P
ORF: CDV, X51869; DMV, Z47758; PIV1, M74081; PIV3,
X04721; PIV4a, M55975; PIV4b, M55976; HeV,
NC_001906; MeV, M89920; MuV, D86173; NDV,
M20302; NiV, NC_002728; PDV, X75960; RPV, X68311;
H. Schomacker et al. / Virology 330 (2004) 178–185 185SeV, M30202; SV5, AF052755; TuV, AF079780. F ORF:
CDV, M21849; DMV, AJ224704; PIV1, M22347; PIV2,
M60182; PIV3, X05303; PIV4a, D49821; PIV4b, D49822;
HeV, NC_001906; MeV, AB003178; MuV, D86169; NDV,
AF048763; NiV, NC_002726; PPRV, Z37017; PDV,
AJ224706; RPV, M21514; SeV, D17334; SV5,
AB021962; TuV, AF079780; MoV, NP_958053.1. V
ORF: CDV, AF259551;; MeV, AF266288; MuV, 002200;
PIV2, M37781; RPV, AB021977; SeV, AB 039658; TuV,
AF079780. The sequences for the HNLV were taken from
the GenBank entries AF367870, AY040225, and
AY032980, and edited as described in the main text.Acknowledgments
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